Organoids are self-organizing 3D structures grown from stem cells that recapitulate essential 1 3
1 0 0 the AO approach for CF disease modeling, we applied forskolin and observed a dose-dependent 1 0 1 swelling response that was largely, but not entirely, abrogated upon chemical inhibition of CFTR 1 0 2 ( Fig. 2a , Extended Data Fig. 2a ), indicating the presence of additional ion channels. Indeed, AOs 1 0 3 -but not rectal organoids -swell upon addition of E act (Fig. 2b , Extended Data Fig. 2a ) an 1 0 4 activator of the chloride channel TMEM16A 27, 28 . We next established five AO lines from fresh 1 0 5 or cryopreserved broncho-alveolar lavage fluid of independent CF patients (62% success rate, 1 0 6 n=8). CF AOs presented a much thicker layer of apical mucus compared to patient matched 1 0 7 rectal organoids and wild-type AOs (Fig. 2c, Extended Data Fig. 2b ), recapitulating the in vivo 1 0 8 CF phenotype. Forskolin-induced swelling was dramatically reduced in CF compared to wild- type AOs, correlated with severity of tested CFTR genotypes 29 , and could be augmented with the 1 1 0 CFTR modulators VX-770 and VX-809 ( Fig. 2d, Extended Data Fig. 2c ) in agreement with 1 1 1 clinical data 30 . E act -stimulation caused a swelling response similar to stimulation with forskolin ± 1 1 2 VX-770 and VX-809 ( Fig. 2d, Extended Data Fig. 2c ). Taken together, these experiments 1 1 3 establish that AO lines derived from small amounts of patient material can recapitulate central 1 1 4 features of CF, a classic example of monogenic diseases. We next tested if AOs can be used to model lung cancer, a global respiratory disease burden 31, 32 .
We have previously observed that remnants of normal epithelium in carcinoma samples will 1 1 9 rapidly overgrow tumor tissue 13, 15 . While we successfully generated organoid lines in the 1 2 0 majority of cases (88% success rate, n=16), we could not selectively expand lung tumoroids by 1 2 1 removing a single medium component (such as Wnt3A in colon tumoroids 15 ), due to the 1 2 2 diversity of mutated signalling pathways in lung cancer 31 . We reasoned Nutlin-3a 33 could drive 1 2 3 TP53 wild-type AOs into senescence or apoptosis and allow outgrowth of tumoroids with mutant 1 2 4 p53, present in a large proportion of NSCLCs 34 . As proof of concept, we generated frameshift Nutlin-3a selection, we indeed generated pure lung tumoroid lines from several NSCLC subtypes 1 2 8 (including adenocarcinoma and large cell carcinoma) recapitulating fundamental histological 1 2 9 characteristics of the respective primary tumors (Fig. 3c ). In addition, we established pure 1 3 0 tumoroid lines from needle biopsies of metastatic NSCLCs circumventing the need for Nutlin-3 1 3 1 selection ( Fig. 3c, d) due to the absence of normal lung tissue (28% success rate, n=18). Hotspot 1 3 2 DNA sequencing of selected cancer genes in tumoroids revealed loss-(e.g. STK11, TP53) and gain-of-function mutations (e.g. KRAS, ERBB2) ( Fig. 3d, Supplementary Table 3 ). In conclusion, 1 3 4 we show that AOs are amenable to subcloning and gene editing and we provide basic protocols 1 3 5 for the selective outgrowth of p53 mutant TAOs from primary and metastatic NSCLCs. 1 3 8 Respiratory infections pose an even bigger global disease burden than genetic lung diseases 32 . infected AOs revealed massive epithelial abnormalities ( Fig. 4c 13A ∆ NS2 6120 P-eGFP-M (RSV ΔNS2 ) were produced as previously described [14] [15] [16] . For to prevent dehydration. Plates were incubated for 5 h at 37°C and 5% CO 2 . Afterwards, contents Organoids were seeded as described before. Alternatively, individual AOs were microinjected 4 0 7 with ~250 nl virus in AdDF+++ (~5·10 7 pfu·ml 1 ) using a micromanipulator and -injector rapidly, a small fraction of cells could not be identified between some consecutive time frames 4 1 5 due to their fast movement, limiting our ability to track the fastest-moving cells. In Fig. 4f and
RSV infection causes dramatic epithelial remodelling in airway organoids

RSV infection of AOs
Extended Data Fig. 4b , three outliers were beyond the limits of the plot, reaching a maximum represents the direction of migratory force production. However, cells are constrained by uniformly over the surface of sphere, with random orientation for their polarity vectors. The The spring force between a pair of cells at positions ‫ݎ‬ ҧ and ‫ݎ‬ ҧ is given by: repulsive when compressed. The model is then described fully by two sets of ordinary 4 4 4 differential equations, for the cell positions ‫ݎ‬ ҧ and the cell polarities 
is the polarity persistence time. connected by a spring to particle ݅ using Delauney triangulation. Equations (3) and (4) with AO medium and live imaged as described. For quantification, neutrophils were labeled with 4 9 4
1μM Hoechst33342 prior to imaging with 3D confocal microscopy and the number of The following sequence comprising humanized NS1, GS linker, FLAG tag, HA tag, P2A 4 9 9
sequence, humanized NS2, GS linker, V5 tag, 6xHis tag, and T2A sequence flanked by EcoRI CTCTCCTCGGTCTCGATTCTACGCATCATCACCATCACCACggaagcggaGAGGGCAGAG 5 2 0
GAAGTCTGCTAACATGCGGTGACGTCGAGGAGAATCCTGGACCTgaattc. Humanized O  r  g  a  n  o  i  d  m  o  d  e  l  s  o  f  h  u  m  a  n  a  n  d  m  o  u  s  e  d  u  c  t  a  l  p  a  n  c  r  e  a  t  i  c  c  a  n  c  e  r  .  C  e  l  l  1  6  0  ,  3  2  4  -6  0  8  3  3  8  ,  d  o  i  :  1  0  .  1  0  1  6  /  j  .  c  e  l  l  .  2  0  1  4  .  1  2  .  0  2  1  (  2  0  1  5  )  .  6  0  9  1  2  H  u  c  h  ,  M  .  e  t  a  l  .  L  o  n  g  -t  e  r  m  c  u  l  t  u  r  e  o  f  g  e  n  o  m  e  -s  t  a  b  l  e  b  i  p  o  t  e  n  t  s  t  e  m  c  e  l  l  s  f  r  o  m  a  d  u  l  t  h  u  m  a  n  l  i  v  e  r  .  6  1  0  C  e  l  l  1  6  0  ,  2  9  9  -3  1  2  ,  d  o  i  :  1 
